Calcium-calmodulin and calcium-phospholipid dependent phosphorylation of membranous fraction proteins related to the tropic regulation by estradiol in the corpus luteum.
Estradiol assumes a major role in the regulation of growth, vascularization, and progesterone synthesis in the midpregnant rat corpus luteum. To explore whether molecular events triggered by estradiol could be mediated, at least in part, by protein phosphorylation, we investigated whether estradiol treatment in vivo affects endogenous luteal protein phosphorylation systems detectable in vitro. Luteal nuclear, mitochondrial, and microsomal fractions were obtained by differential centrifugation from rats hypophysectomized and hysterectomized on day 12 of pregnancy and treated with or without estradiol for 72 h. Using [gamma-32P]ATP as phosphate donor, proteins were phosphorylated in the presence or absence of either calcium (Ca), Ca plus calmodulin, or Ca plus phospholipid. Phosphoproteins were separated by one-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis and visualized by autoradiography. The Coomassie blue stained proteins and phosphoprotein profiles were markedly different in the various fractions. Estradiol treatment in vivo caused an increase in the basal endogenous phosphorylation of several proteins in vitro. It also substantially enhanced the protein kinase C (PKC) and Ca-calmodulin kinase-dependent phosphorylation of selected proteins in subcellular fractions. The Ca-calmodulin kinase catalyzed phosphorylation of microsomal 56 and 60 kilodalton (kDa) proteins was remarkably increased by estradiol. Proteins (56 and 60 kDa) were also phosphorylated when Ca-calmodulin was added to the nuclear fraction, however, this phosphorylation did not appear to be affected by estradiol treatment. A major PKC substrate in the nuclear fraction was an 80 kDa protein whose phosphorylation was increased remarkably by estradiol treatment. In the mitochondrial fraction the most striking effect of estradiol was a marked increase in PKC-mediated phosphate transfer into a 76 kDa substrate. To determine whether estradiol action on protein phosphorylation was related to its tropic effect in the corpus luteum, the hormone was administered to day 10 hypophysectomized and hysterectomized pregnant rats. In this rat model, where estradiol has no stimulatory effect on either luteal steroidogenesis or growth, neither endogenous nor kinase-mediated phosphorylation was affected by this steroid. In summary, the present investigation has revealed that in vivo treatment with estradiol affects the PKC and the Ca-calmodulin dependent in vitro phosphorylation of selected proteins localized in different subcellular compartments and further suggests that phosphorylation systems are potential control points for estradiol regulation of rat corpus luteum function.